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PHYSIOLOGICAL AND PATHOLOGICAL EFFECTS 
OF SEVERE EXERTION (THE MARATHON 
RACE).* 


GENERAL OBSERVATIONS.; 


WATSON L. SAVAGE, M. D., ASSISTED BY DR. E. S. DICKEY, DR. C. B. 
MCABOY, DR. C. ORBIN, AND DR. A. W. WOODBURN. 


One of the decisive battles of the world was fought in the year 
490 B. C. Mailtiades, a Greek general, commanding an army of 
but 11,000 men, defeated the Persians, numbering over 100,000. 


The conflict took place on the plain at Marathon. After the 


battle a soldier was dispatched to carry the news of victory to 
Athens, a distance of 40 kilometers (24.85 miles’). “As he reached 
his destination, having run without stopping, and as he emitted 
the words, “ ‘Victory i is ours,” he fell dead. 

In 1896 the Grecian government established the cotirse covered 
by this unknown soldier as an official event of the Olympic games. 
America was not especially interested in this until an American 
youth, in 1908, won the race. Since then it has become popular 
on this continent; it has, in fact, become almost a craze with the 
American boys to train for and compete in these races. 

It can easily be seen what a fertile soil for study the partici- 
pants in this race could furnish and that such a study should pro- 
duce facts of immensé Wlue: toward determining, if possible, to 
our own satisfaction, the ever- recurring question as to the bene- 


ficial or harmful effects of such a‘severe exertion as this. Not : 
only the visible immediate effects, but also the unseen remote *~ 


effects must be seriously considered. This study includes obser- 
vations upon youths and men from the various walks of life, 
already by far above the average in physical vigor, because they 
are the pick from large groups of men and boys scattered over 
our entire district. 

At a time such as the present, when Marathon racing is so popu- 
lar, and when it must be that many who are physically unfit enter 
into this sport, the thorough understanding of the effects of so 
severe a: form of exertion as this is of the utmost importance. 
Toward this end, the Department of Physical Research of the 
Pittsburg Athletic Association devoted its inaugural undertaking 
to the study of the participants in the Marathon race of June 26, 
ROOD ev 

*From the Department of Physical Research, Pittsburgh Athletic Association. 
Directed by WATSON L. SAVAGE, M. D. 


+Presented, by invitation, before the College Gymnasium Directors’ Society, at the 
Columbia University, December 31, 1909. 


Up to the present there have been comparatively few observa- 
tions upon Marathon runners. These observations, while they 
were made by most competent observers, in nearly all instances, 
were carried out upon small groups of men at irregular times 
and in each series they covered only a comparatively few phases 
of the entire subject. The reports of this work are referred to 
in the appended bibliography. 


Nothing so determines the success or failure of such a series 


of observations as these, as the control that the observers have 
over the men and the discipline of the contestants. Having this, 
through the liberality and interest of the Association and the con- 
testants themselves, we proceeded to carry out the following 
observations which may be classified under three headings: 


(1) The general observations. 

(2) X-Ray examinations. ° 

(3) Observations upon the cardio-vascular and renal systems. 

We compiled the following questions to be filled out by the 
contestants and later recorded the answers and our own observa- 
tions on a card so as to have nearly all our information in con- 


densed form. This makes such a work systematic and compara- 
tively easy. 


PITTSBURG ATHLETIC ASSOCIATION. 
Report of Runners in Marathon Race June 26, 1909. 


PHYSICAL EXAMINATION. 


Date. 08! Hours urs Date kee: Hour) . 2.02. Date aa Hour cee 

Before Race. Immediately After Subsequent Re-exams. 
Height’ 2. osc ce in fe SY een li SCR tm peed) eee 
Weight. oo ie ceva. wu. 5 Los tae epee bees cb eaten, eaeaen a 


Girth tAtins Rey ei te nee wav ueivs agpiesie Gy yepek 
Girth Thigh? R38. 99 eae ee ees 
Girth, Calf Reo. isa bee ween ob ois cece £5 ce eae ee 
IN utritions 66a hic res vote 6) stead 2 pace Co ace be. aa a 
Coridition © 25.2 fis wae 1 ee Eas Soe wis ae ee 


Temperature: 


Mouth \.c2es wee oe lpn do ales 6 Cae wk Oi al eer ee Ree eee glee 
Recta rk 20.05 pare rer er eet ar em 
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Heart: . 
ROE tee a TU ON PN te i ee aE OP Pie vee ire) ems 


Neh AE pe | SES ORE IN NS Pont GA ie in! CL A a A Re eee 
hetero 2 cas bbe ig. ae aL Teal ta a PS We So ae MONT o te Se De maar 


LSpeMC PS SRE! eis 5 eas EER RU 2 Se aa Pare aE Vali Se oe eh ae kh 
OMS ee EE Ho OF et are tt eee ene OSs eee | aks al bee pai ym le rita 
OP MIET ER pt i FEA aig EEA OY slg ae Nel oem Coa ANT ak eR acl Soe 


CEE Sy Pr RE eS RIO ERN A AS! i im mee Mid Pi ere So hoe Beet 
LTTE og BER FE eee WA aden see od la steer Nae ae Ri et ee Oe ete oh ole RO 
Cyr ad ty Pad ea eet Sy en ee ene Oy Mai yy SN ee 
URINE ANALYSIS. 
General. 
(characteristics si:... ARPES Sahn at SNE gh fete, Mine ea ae Cn oes OMG) eee Re EE 
FP Sa SOG ogy lae SOO aa AS RS ae eR Pl pe eS ea 
eet CT MS Pee Gerri he eee neh ge ale Ee ey Goa sey ahah 
Sc. FEET Re sg RSet ie yO OR BS wok 8 eos ete Ate Sk bp aise cea 
NET TERE Pt ren rt age rier tera fee eS oS Be oe ed eS 
OE ETy 1 aA pee er ee Re on SE Rye lee Le Tee Riau | 
Prcutcnrem OCiCS fe fae Ss ake hs race us cee ei! nig Ut. Ne eee Oey 
Microscopic. 
Atta a eee ROD RARE NEO Obie air: igh Sn ocala Sos Mia SPs OL BNA aoth LOLS aa cal ee PARR Nt 
Cells 
DGt time eer yee eerie « ears oo ALS Ss 4, Reel, Se aA? 2 cme ee 
hie Gan Gb Bars eae Sat i ae eae Pans "Ste eee a ee A A ee 
Oi AE AR or eS SE) en 8 ee al, ne Me Ee CI Re Sear eo 
ut is ee acti) Aneta tere ee Oitidie Pl ada nn Ss ht Oe a 
Remarks. 
RINE SING igihl See Kaw cel ied Wathet a sake foe a ee 
Perea et eee ee Ree eth ee tN ag Om pe PT Se er Aon ee Pk 
co SG ECEY, Be oh AE oe Riga ee aelephane «Number: «02 .4st. suk au 
Working hours........ Cee yer pei te Reet ener A Seiat eh Bete Ge Ee 
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TIGICN TL feet eas Weight before training.......... Weight now........ 
Pulse rate morning before rising.......... Pulse rate evening..: soos 
Distance run .on\ day ofytaking evening pulse........2........ 00 «ee 


Diet’ sos Sealed Bale a ec ee ee ates ee ee OR ce ee er 


How. much coffee do you drink daily ?.... 22.5232... $222.5 ee 
How much milk do you drink daily?..... "oie «ale. Slang oe bs oe ke al ober een 
How- much water: do you drink daily?) ...5.......-. 421. 43 See 
How much beer. do you-drink daily-?.... 2... sc. 50s oe 
How much wine do you drink daily? ......0...0). 2s 
How much liquor do:you drink daily? .....4. 2.230 Le 
How many cigarettes do’ you smoke daily ?...:...1...25..2s. 2.55 oe 
How many stogies: do you smoke-daily?....3 5... +. iss s ss) eee 
How many cigars do you smoke daily?:.....2.....5.... 9. me oe 
How many pipes do you smoke daily ?.. :... <. 0.8 ae 


Write a full history of your training, giving distances and speed, as well 
as you can remember. 


ec CCC eC ewe ea tice eeiawmaeae CCK eeMe eet eat eeeerestsevsesesaees es © © 6 8.5 © dal alab Senne 
Ceoeonereeenwevreececene vce ese £0 60. 8 8 6 © 20.60 8 6 © 66 Sie 6 6 6 6 6 ee 6 8 0 ws & © Se) 6 ym al wie ie eee 


eco eoet tues eeeeecanevraetceeoCeueceecn en es Se ee eS 2 wo 6 0 0 6 0 6 0 8 6 6 6 6.6 @ SS oS 8 ele a) ei eee 
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eRe TeOleSIgiCOP © erst ocx AM binge ts Reka is Be oe keh ade whe} 


Do you have any impressions or sensations to report regarding the race? 


Deryou expect to wiun-the full distance agate is. Sikes lab ee et 
Meuse the Weimnt of Your running Siith <7). .6s. fos... Sonat ewe eae week 


Remarks. 


SLR Mee ese) SLO. Ve 8 6S) Sie b) © C'6e, O <0 (6 6S 8. -6\.6 8 8a. 18 0m 8 6 4 Le. oO Le Oe, @ ie 8) a ee se oo se Oe eee ee te 8 ee 8 & 
Cae eee ee BAe) 8 6: 8S, 6) a6 (Bie a Te 6 Ge (erieng, @ 6 4 ae ee Oo ee Oe yee 6 Gh eae Bera 6 Wee a wl Be Sw Eee 8 ee et 8 8 Se ce fe 
a ee oe eee NS. © se 6 658 + 6 o 61 8 S68. 6 0m ote 6 4:6 6. '6. 0.0.16, :9 6 8 6S 6.6 6 sie if eis 8 6 wee. 00 6) oe ele. 08 ee 0. @ 


eis, @ 2 ee #6 be Ae 6 OF HC RR ERR BOK OSS BROT HEH DK RCC MA MDH DO SDRC eae eC eee eee Cw Oe ee oe 8 


GENERAL SCHEME OF THE MEDICAL EXAMINATIONS. 


Having entirely within our power the making of the rules of 
the contest and the enforcing of them, we were enabled to control 
the runners, as has not been possible in previous observations. 
The usual course, 25 miles into the country and a run back, make 
it necessary to find limited quarters in which to examine the run- 
ners in the midst of excitement, confusion and noise, and then to 
transfer the examiners together with their instruments, over a 
distance of 25 miles to the finish. It is impossible this way to 
undertake certain desired records. We therefore planned a 
course, that should start from the club house, and pass this point 
four times, finishing at the starting point. This proved of ex- 
ceeding value, as will be shown later. 

The first circuit of the course was 3 miles, second circuit 8 
miles, the third, 12.5 miles, and the fourth 1.35 miles, making the 
total distance 24.85 miles, the actual distance from the battlefield 
at Marathon to Athens. 

Desiring to have some accurate heart and diaphragm measure- 
' ments, arrangements were made at the West Penn Hospital where 
they have a very complete equipment for the making of fluoro- 
scopic studies. 

A letter was sent to all intended competitors, taking them into 
our confidence and telling them what we wanted to do, and ask- 
ing for volunteers to report on Friday before the race for pre- 
liminary examinations; which examinations were much more ex- 
tensive and complete than was possible on the morning of the race. 
Twenty-four men reported, and of this number 22 were taken to 
the hospital and placed before the X-Ray. On the morning of 


Hy) 


the race, all contestants were ordered in at 11 o’clock and with 
the entire staff of assisting physicians present, thirteen in all, 
and three sets of instruments, we were able to get a thorough 
examination of all the starters, but, of course, could not under- 
take to send all of them to the hospital for X-Ray. examinations, 
feeling that it was better that we should have a few thoroughly 
done than to undertake something that would prove a failure, 
because of its being more than we could accomplish. 

As the men finished the race, those who had on the previous 
day been before the X-Ray machine, were immediately exam- 
ined in the tents and put into an automobile and carried to the 
hospital for a second examination, which was usually accom- 
plished in from fifteen minutes to an hour after the finish. 

The tents that were erected, for dressing and for the examina- 
tions, were arranged in a group in which the dressing tents faced 
the large medical tent. This arrangement brought all the men 
together before the race, where their change of clothing, prac- 
tically in the presence of the physicians, compelled them to come 
back to the same place for their clothing whether they completed 
the full distance or not. Here was a valuable factor, enabling us 
to examine very soon after quitting the run, those who did not 
finish the distance, affording an opportunity to make some of 
the most valuable observations in comparing the effect of run- 
ning upon a man when in condition, and when not properly pre- 
pared for the run. 

The running of the course in circles brought them back four 
‘times within easy distance of the examining tents, so that we were 
-able to get those who quit under observation soon after their 
exertion had ceased, although in one or two cases they had to be 
brought in by automobile attendants. The arrangement of the 
tents also avoided confusion and noise. 

The next important move was to offer prizes to all who finished 
within four hours, the condition being that they must pass both 
medical examinations, namely, before the race and after they 
had finished, otherwise, they could not qualify for a prize. This 
was the key which practically opened the door to the more com- 
plete series of observations that we were able to make, the conse- 
quence of which was as follows: Fifty-nine men entered for the 
run, one was disqualified before the race, 55 started; 29 com- 
pleted the full distance ; 20 failed to finish, but were examined by 
the physicians after their race and only six, most of whom did 
not complete, slipped by the examiners. 


THE COURSE. 


In studying the course as shown in the chart it will be seen 
that it is a very hilly one and different from the usual Marathon 
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COURSE WITH ELEVATIONS. 


DIAGRAM OF THE 


courses which are laid out along some road leading to a city. The 
roads upon which many of the prominent Marathon runs have 
been held, are more nearly level-or slightly down grade. 

In this instance the hilly roads and the heavy downpour of 
rain, making asphalt pavements on a down grade treacherously 
slippery during the shower,delayed the runners, by making their 
task more difficult and lessening their rate of speed. 

The chart clearly shows that the men fell out after climbing 
the hills at the fourth to seventh miles, at the eleven and one half 
to fourteenth miles, and after the sixteenth to seventeenth miles. 

At the first climb, a total of 510 feet, seven of the runners seem 
to have become discouraged and quit when they reached the club 
house. 7 

The second severe climb occurred at the twelfth to the four- 


teenth miles, a lift of 310 feet. Here six others came to grief. 


At the sixteenth to seventeenth mile four more gave up. The 
others finished, but some of them came in after the time limit, 
having walked some of the distance. 


WEATHER CONDITIONS. 


The weather report of June 26 was taken about three miles 
away and is herewith shown: 


The barometric pressure from 2 p.m. to 6 p.m. averaged 29.13 inches, 
elevation 842 feet. A thunderstorm occurred from 1.10 p.m. to 3 p.m., 
advancing from the west. It was accompanied by a light rain in the 
downtown district of Pittsburg from 2.15 p.m. to 3.40 p.m., the amount 
of precipitation being 0.01 inch. The shower was moderately heavy, 
however, over Allegheny and some parts of Pittsburg. The hourly 
temperatures were as follows: 2 p.m., 82; 3 pm., 70; 4 pm. 71; 5 p.m., 
73; and 6 p.m., 75. The highest wind velocity during the four hours was 
19 miles per hour from the north during the 5 minutes ending at 2.50 
p.m. The total wind movement during the hour ending at 3 p.m. was 12 
miles; for the hour ending at 4 p.m., 6 miles; for the hour ending at 
5 p.m., 3 miles; and for the hour ending at 6 p.m., 3 miles. For the 
hour ending at 3 p.m., the prevailing. direction of the wind was from 
the north; at 4 p.m., northwest; at 5 p.m., west and at 6 p.m., southeast. 
The weather during the entire period was cloudy. We have no record 
of the humidity at those hours of the day, but it was probably higher than 
usual at those hours on account of the rain. Relative humidity at 8 a.m. 
was 73 per cent and at 8 p.m., 73 per cent.* 


Temperature 82 degrees F. at start of race; humidity 73 per 
cent. About an hour after the race began, there was a heavy 
downpour which lasted for about an hour and drenched the run- 
ners. This was the undoubted cause, directly or indirectly, of 
several quitting as a result of falls and sore feet. It may also 
have been a factor to be considered in the temperature findings 


- of those who did not finish the race. 


* Records from local office of the Weather Bureau, Pittsburg, Pa., submitted by 
Henry Pennywitt to Dr. Savage. 
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Wind varied from a velocity of 19 miles an hour to 3 miles 
at time of finish. | 


AGE. 


The ages of the contestants ranged from 18 to 52 years, with 
the major portion under 23 years of age. The under-age limit 
was placed at 18 years. The greatest number at any single age 
was 18, while more than half of the contestants were 22 or 
under. One man at 52, although he did not finish, still thinks he 
can run the distance. Success in finishing does not seem to be 
directly controlled by age; three at 36, one at 35, one at 31 
finished, while one at 52 and three at 29 failed. 


Ages of the first eight men were as follows: 22, 22, 20, 18, 28, 
Blk ooe Lue 


NUMBER QUITTING AND THOSE FINISHING THE RACE. 


Quit Age | Finished 
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21 Total Cases 27 


Men past 40 should not try such long distance running, and 
the same holds true for those under 20. The most serious effects 
seem to have come to the man of 52 and to a boy of 18 years. 


HEIGHT OF RUNNERS. 


The general average of the entire series was 5 ft. 6.4 in., the 
greatest number being 5 ft. 7 in. The entire range varied from 
5 ft. 2 in. to 6 ft. 2 in. The large men showed up well, both 
in number of cases and position at finish. 


The first four men averaged 5 ft. 4 in., or 2.4 in. below general average. 
The second four men averaged 5 ft. 9 in. or 2.6 in. above general average. 
‘The third four men averaged 5 ft.5 in. or .9 in. below general average. 
‘The fourth four men averaged 5 ft. 7 in., or .3 in. above general average. 


rinight No. of Cases at Each Height 


Vk dbay 
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Total No. of cases, 50; average height, 5 ft. 
65 in.; mean, 5 ft. 6in. 


GiRTH MEASUREMENTS. 


The general run of the contestants showed better developed 
lower limbs than of the upper body as would be expected. 


Right army Ceti Sessa sake ve. dere average 10% in. 
Right Wali) Seto season | tee am eet average 13% in. 
Rightiiion <i. sete: a ea hanes average 19% in, 


GIRTH MEASUREMENTS. 


In. R. Arm || In. R. Calf In. R. Thigh 


1 | 12 18 
|} 122 1 181 1 
1 | 123/- 1 183|— 1 
123 1 183 1 
Serene 3 19 3 
4 | 183 6 192 2 
eee pes 3 Ave. || 19} 2 
oY" | 135 2 193 Pee, 
1 14 ees oe 5 
3 141 2 | 201 
3 141 204 2 
esate Ee 2 203 1 
| 15 || 21 
| 212 
215 1 
| 213 
| 22 1 
23 cases average 103 in. 23 cases average 138} in. 28 cases average 19? in. 


CHEST MEASUREMENTS. 


The chest measurements seem to be small for this class of 
men. The comparison of those who quit to those who finish show 
a definite advantage with the better chest capacity. 


Of the winners 7 were above average, 4 were below average. 
Of the quitters 5 were above average, 6 were below average. 
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WEIGHT. 


While the average weight of the entire series was 140 pounds, 
the greater number were below that. Compared with the insur- 
ance standard weight for their relative height, they were, on 
the average, 3.6 pounds below weight, 32 cases being below 
weight on the average of 9 pounds, and 18 cases above weight, 
averaging 514 pounds. In this last group there was one case 25 
pounds overweight which greatly influenced the general average. 


Lbs. 
Wt. 
115 
120 
125 
130 
135 
140 
145 
150 
155 
160 
165 
170 

175. 
180 


Number of cases 


Total No. of cases, 45; average weight, 140. 


OccCUPATION AND WoRKING Hours. 


The occupations, for the most part, were laborers, classed as 
light, medium and hard labor—coachmen, drivers, mill hands, 
etc; 

The working hours correspond to the investigations made by 
the Pittsburg Survey. The greatest number worked 9 hours and 
the average 94. 


ELVABITS. 


In the main, the habits of these men seemed to be good, and 
indicate the general understanding that one, to win such a race, 
must take care of himself and must be temperate. 
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The table shows coffee to be the almost universal drink; then 
comes tea, 20; only 8 use beer; 1 liquor and he finished in fifth 
place. There were 9 who took no stimulants of any kind. To- 
bacco is generally cut out; about one third only using in any form 
and then always moderately. Ten drank great quantities of 
fluid, over 3 quarts a day, but they were mill men who perspire 
freely when at work. Out of 28 finishing 11 used tobacco; 4 out. 
of the first 5 used tobacco. Of the 21 not finishing 8 used 
tobacco. 


INo. Working No. 
Occupation of Hours of 
Men Daily Men 
Professional 1 5 3 
64 1 
Merchants 3 8 a ee . 7 
| 84 1 
Clerks 5 9 10 
2 i: 
( Light "4 10 5 
104 6 
Laborers { Medium | 8 17 1 
| | 12 5 
| Heavy 10 13 
14 2 
15 
16 1 
Total No. of cases, 43; average hours, 93. 
HABIrTs. 
DRINKING ‘ 
Coffee 31 
Tea 20 
Beer 8 
Liquor 1 
Wine 0 
None 0 
TOBACCO 
Chew 4 
Cigars 2 
Cigarettes 2 
Stogies 
Pipes 7 


This was very interesting. Six were classed as vegetarians, 
one of whom was not permitted to run owing to a marked 
arrhythmia of pulse and generally poor condition. The other 5 
did not quite hold their own with the meat eaters, 60 per cent 
finishing. The greater number ate meat once a day, and of them 
65 per cent finished; out of the 10 who ate meat twice a day 70 
per cent completed the race. Beef was by far the most popular 
meat. 


DIET. 
Meat No. started. No. finished. pthc te 

0 5 604 
Week - 2 1; 100% 
Week 5) 2 50% 
wie aah : aa 20) 65% 
Day 2 10 70% 
Day 3 6 6624% 

MEAT PREFERRED: 

Beef 21 
Veal 1] 
Pork 4 
Lamb 2 
Any 5) 


AGE OF BEGINNING TRAINING. 


The study of the age of beginning distance running and ap- 
parent ability to complete the distance shows the greatest per cent 
of failures in those who began training at eighteen or under. 
This may be due to their incomplete preparation, but more than 
likely it is due to the fact that their organs had not yet reached 
sufficient development at this time of their natural growth and 
maturing years to withstand so severe a strain as this form of 
sport demands. 
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AGE OF BEGINNING DISTANCE RUNNING. 


Finished 
1 
. 1 
2 4 
5 4 
1 ? 
3 2 
2 4 
1 1 
1 1 
1 2 
2 1 
1 
1 2 
2 
1 
1 
i 
1 
23 Total Cases 28 


DISTANCE RUN IN TRAINING. 


Miles 
2 2 

3 2 

5 3 

8 1 
12 3 
13 1 
18 1 


15 cases: average 7 miles. 


14 


DISTANCE RUN IN TRAINING. 
This question does not seem to have been well answered, for 


what reason we do not know. Only fifteen gave this informa- 
tion, and their average daily run was seven miles. 


WeEIGHT Lost IN TRAINING 


The general average was 6.4 pounds, one man losing as high as 
23 pounds, and another 15 pounds. Both of these were six-foot 


A LCLY: 
WEIGHT LosT IN TRAINING. 

Lbs. 
0 2 
1 1 
2 4 
, 3 6 
4 2 
c 5 4 
6 2 
: 7 4. 
8 5 
9 3 
10 3 
11 0 
: 12 2 
13 0 
14 0 
15 1 
0) 
0 
23 1 


40 cases; average 6,5; mean 6. 


WEIGHT COMPARED WITH STANDARD WEIGHT FOR HEIGHT. 
Fifty cases—average loss 3.6 lbs. 


f Below abs: Gas 
1 3 
2 3 aa 2 
4 Eo 1 1 
4, Voecrrecs 2 0 
1A pecan 2 3 
6 3 q 
7} 2 0 
oh) ee 1 3 
9 i) 0 
10; 1 1 
LWA | pomoeeem 2 0 
£4 pee 2 yi 
HOD peomeaee 2 

Total cases above weight, 18; 

14 3 average 53 lbs. 
1) pee 1 
Ee ieee 1 
PS em 1 


Total cases below weight, 32; 
average 9 lbs. 


NUMBER RUNNING PREv10US MARATHONS. 


Our information on this point is interesting. The fact is that 
it is a new sport in this vicinity and nearly all of the races in 
which these contestants had participated had been run within a 
year. There were only five out of the entire series who had not 
tried this distance before. 


14 had run once before. 
12 had run three times before. 


Success and failures seem about the same, as both average two 
runs. 


Never run 5 out of 6 finished. 
One run 9 out of 15 finished. 
Two runs 3 out of 8 finished. 


More than two 11 out of 20 finished. 

It would seem from this table that in this class of athletes the 
first run is the best and after they had run three times they either 
quit as failures or continue as the survivals of the fittest. How 
much is due to the effect of the severity of this form of athletics 
is an open question. It does seem that the race can injure and 
incapacitate the inexperienced runner. 
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NUMBER RUNNING PREVIOUS MARATHONS. 


mare aoairk © wor © 


Ca) 


Loss OF WEIGHT DURING THE RACE. 


Lbs. 

0 2 
4 | 

1 5 
14 5 
2 6 
24 2 
3 3 
34 5 
4 6 
44 3 
5 1 
54 2 
6 1 
63 1 
N 1 180 lbs. 
14 
8 


83 1 1%0 Ibs. 


Total number of cases, 42; average loss, 3.1 lbs. 
Men who lost most were overweight, or large men. 
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Loss OF WEIGHT DURING THE RACE. 


It was difficult to get this accurately, as the rain had soaked be 
their clothing, and there was also a large variation in the weight 
of clothing worn. We tried to get it from the answer to the 
question regarding the weight of suit in the questionnaire, and ‘Ns 
then to allow for the amount of moisture it contained, but it. 
seems that the question was not accurately answered in all cases. 
The table shows a variation from nothing to 8.5 pounds, with 
an average of 3.1 pounds, the greater losses occurring in the 
large men who weighed 170 and 180 pounds. 
Some ate and several drank during the race, thus aie influenc- 
ing the body weight. 


TEMPERATURE. 


The observations upon the temperature proved a very interest- 
ing study, but unfortunately we cannot calculate the influence 
of the rain upon the runners, especially upon those who quit soon 
after the rain. 


DEGREES MOUTH TEMPERATURE 


MOUTH TEMPERATURE BEFORE AND AFTER RACE. 


The comparison between the mouth temperature and the rec- 
tum proves conclusively that observations taken in the mouth 
after running are absolutely worthless. You will see by the chart 
that these observations showed an average falling off in temper- 
ature of 14% degrees; whereas, it was fully expected and proved 
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by the rectal temperature that this condition should be reversed 
and there should be a decided rise. 


Rectal Temperature. 


There was an unexpectedly wide range in these temperatures, 
from 97°46 degrees low to 104 degrees high. It is interesting to 
note that the man who finished with the highest temperature 
seemed to be in good condition at the finish, and said that he felt 
no distress after the seventeenth mile, and claimed to be a regular, 
and the only, drinker of liquor among the contestants; he had a 
systolic murmur at the finish which was not present at the start 
and he was the man who lost the second greatest amount of 
weight during the run. 


DEGREES RECTAL TEMPERATURE 
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RECTAL TEMPERATURES BEFORE AND AFTER RACE. 
Each horizontal square represents one man. Each vertical square represents 1° F. 


The temperature of the winner was 10274 degrees at the finish. 
The variations of the temperature before the race were from 99 
degrees to 10144 degrees. The one who had the highest temper- 
ature quit the race at eleven miles, and when examined his tem- 
perature had fallen 2 degrees, which was sub-normal. Before 
the race we found the average temperature in these cases to be 
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10074 degrees; what there was present to cause such a variation in 
temperature before the race is hard to tell, unless it be the vary- 
ing element of nervous excitement; but there also seemed to be 
a corresponding variation in the temperature of the men after 
the race. We must, therefore, look to some other causes to ac- 
count for the temperature range. 

In undertaking to do this, we separated the quitters, those who 
did not complete the full distance, from those who were able to 
withstand the effort, as shown by their completing the distance, 
and a-very interesting observation is made, as you will see by 
the chart. The average temperature of those who quit was 99% 
degrees, while those who finished averaged at 101 degrees. 


DEGREES RECTAL TEMPERATURE 
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Upper Black Line shows Temperature of Men who Completed Race. 
Lower Dotted Line shows Temperature of Men who Fell Out. 
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We must not forget that these men finished soon after the hard 
rain, which may have reduced their temperature, and they did 
not have sufficient time to recover from it, but still, I am not dis- 
posed to accept this as sufficient to account for the marked fall 
in temperature; I am rather disposed to think that the fall of 
temperature was a registration associated with some physiologi- 
cal condition which caused the men to quit. Of those who fin- 
ished the average temperature was 101 degrees, ranging from 
98°£ degrees to 104 degrees. 

The men whose records throughout the entire series of tests 
seemed to be perfect, likewise finishing the race with very little 
variation in temperature, leads one to think that there is a con- 
dition possible for a man to attain that will enable him to par- 
ticipate in this game without undue disturbance in his functions. 

As will be seen from the X-Ray observation, the diaphragm 
assumes a much greater importance in the training of athletes for 
long distance running than has ever before been credited; it 
-seemed the first organ to fatigue and cause distress. It is pos- 
sible also that the lower temperatures of those who did not finish 
may be due to insufficient oxygenation, due to failure of the 
diaphragm. The hitherto unexplained pain commonly known as 
“stitch in the side,” is, I believe, located in the diaphragm; the 
probable cause being cramp of the muscle due to the sudden 
severe demand made upon this organ and the effort to meet the 

demand. 


General Conclusions. 


From the general deductions of these observations and from 
my study of those of the succeeding papers, it appears that the 
athlete most likely to withstand this form of severe exertion is 
one not under twenty and not over forty years of age. It is 
likely that he will be of less than average height and under- 
weight even for his height. He will have a light upper body, 
a relatively large chest capacity and well-developed legs. He 
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must have a sound heart, healthy lungs and a well-developed | 
diaphragm; all of which have properly accommodated to the in- | 
creasing demands during the period of training. His training | 


should have continued over a period of from nine months to | 


three years. 

During his training he must be temperate in his habits, avoid- 
ing stimulants of all kinds, moderate in his diet, avoiding ex- 
tremes. He should work and exercise and sleep at regular hours, 
and of sleep he must have enough. The observations show 
clearly that the greatest injury comes to the man who is insuff- 
ciently trained, and that the successful running of this race is 
really beyond the realm of the average amateur athlete. 
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X-RAY EXAMINATIONS. 


JNO. W. BOYCE, M. D., AND GEORGE W. GRIER, M.-D.; ASSISEARaS 


D. E. SABLE, M. D., J. H. ALEXANDER, M. D. 


The X-Ray examinations were made in the fluoroscopic lab- 
oratory of the West Penn Hospital by Dr. Jno. W. Boyce and 
myself with the above-named assistants. 


Time of X-Ray Examinations. 


The examinations before the race were made on the preceding 
evening. Those after the race were made shortly after the time 
of finishing or as they dropped out. The only intervening time 
was that spent in making the blood pressure and cardiac obser- 
vations and the few minutes in the automobile to the hospital 
laboratory. 


Technique of the X-Ray Examination. 


The technique of each examination was exactly the same, so 
that the results of the several examinations on one man or of 
different men are comparable to each other. 

During these examinations the same tube was used in exactly 
the same position. The tube and its holder were fastened upon 
a board which could be moved up and down in a frame, as a 
window sash in a casement; no other movement of the tube was 
possible. Eighteen inches in front of the board which carried 
the tube was placed a canvas screen, seven feet long and two feet 
wide. This canvas was about twenty-three inches from the 
source of origin of the rays on the anode of the tube. 

This distance was constant, the canvas screen being fixed and 
the tube moving only in an up and down direction parallel to the 
face of the canvas, so that each man’s back as he stood with his 
nude body just touching the screen was at exactly the same dis- 
tance from the focus point on the tube. The tube was moved up 
or down until the anode was exactly level with the ensiform car- 
tilage of the chest. 


vo 
vo 


As it is absolutely essential for accurate fluoroscope work to 
have a perfectly dark room and for the investigator to stay in 
this room for some time before an examination begins so that his 
pupils will be properly dilated, it was impossible for the man 
making the tracings to leave the room until all men had been 
examined. All the tracings were made by Dr. G. W. Grier. 

The work of setting the tube and placing the patient was done 
by Dr. Sable, it being of course necessary to turn on the light in 
the room while this was being done. During the time the light 
was turned on, the examiner stood with closed eyes so that when 
the room was again darkened, his eyes were in condition to go on 
immediately with the next examination. 

Tracings of the man’s heart and of his diaphragm at rest and 
on deep inspiration were marked on his chest in blue pencil. This 
was done in the perfectly dark room as the man stood before the 
fluoroscopic screen. The permanent record was copied by an 
assistant, Dr. Sable, in an outer room. 

Twenty-three men reported for the first examination, fourteen 
returned immediately after the race and eleven returned in one 
week for the. final examination. 


Sise of the Hearts. 


In coinparing the hearts of these men the first and most obvious 
conclusion seemed to be their relative size. It is very difficult to 
say what the proper size for the heart of a certain individual 
should be, and whether at all there is such a thing ‘as a proper 
sized heart, as the size of the heart seems to be an effect of en- 
vironment. We have endeavored, therefore, to make an anatomi- 
cal classification rather than a physiological one. In doing this, 
we divided these hearts as to size, in four classes: small, medium, 
large and very large. Of the small hearts Figure 1 is a fair ex- 
ample; of the medium, Figure 2; of the large, Figure 3; and of 
the very large, Figure 4. Those that were classified as small 
hearts we are sure would be called unusually small, and the very 
larges ones, unusually large, by the average clinician. In fact, 
those classed as large hearts are, in my opinion, abnormally large 
and would surely be classed as pathological for a man of seden- 
tary occupation. Of 6 men with small hearts, none finished; of 
8 men with medium hearts, 4 finished; of ? men with large hearts, 
4 finished; and of 2 men with very large hearts, 2 finished. 

It is thus seen that of 9 men with hearts above the average 
size, 6 finished, 66274 per cent and that of 14 men whose hearts 
were not enlarged, only 4 finished, 2814 per cent. The conclusion 
to be drawn from this fact is obvious; that a successful Marathon 
runner must have a heart above the average size. 
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Shape of the Heart Before Race. 


In regard to the shape of the hearts of these different men, it 
is very difficult to make satisfactory classifications, as no two 
hearts of the 23 examined are of exactly the same shape. How- 
ever, there were a sufficient number that followed two general 
shapes closely enough so that 1 think it may be of some value to 
note the results of these two groups. Eight of these 23 men had 
hearts which were placed almost vertically in the chest. Six of 
these 8 also had a heart below what might be considered as nor- 
mal in size. In short, they had the small vertical heart often 
mentioned as being found in tubercular or tubercularly predis- 
posed subjects. Of these 8 men with vertical hearts, none fin- 
ished; 100 per cent failure. Figure 1 is a fair example of the 
vertical heart. 

Six men presented the opposite extreme to a vertical heart, 
that is, a heart placed horizontally in the chest. Figure 3 is a 
fair example of this type of heart. Of these 6 men 5 finished, 
8314 per cent, the only man with this shaped heart not finishing 
being an old man 52 years of age. Of the 9 remaining whose 
hearts we examined there is no general shape to which these 
hearts could be said to conform. ° 

Figure 2 will serve, however, to show the contrast between 
these and the two preceding classifications. Of these 9 men 5 
finished, 5514 per cent. 

These findings then serve to confirm the conclusions made as 
- to the proper size for an athletic heart which is in all cases an 
unusually large heart and particularly a heart of large ventricles. 
The lack of reserve force of the men of the small vertical heart, 
we believe, has been substantiated by those investigators who 
have shown this type of heart to be an important predisposition 
to, or a concomitant of, pulmonary tuberculosis. 

In the X-Ray examination of a large number of tubercular 
subjects we have become firmly convinced of this fact and the 
failure of these men to finish the race seems an additional proof 
that a man with the small vertical heart should not attempt such 
violent exercise as a Marathon race. 


Shape of Heart After Race. 


Of the 14 men who presented themselves immediately after the 
race for examination, only 3 men had no enlargement of the heart 
over its size immediately before the race. Of these 3 men, 2 ran 
but 11 miles, and I think should not be further considered as they 
did not run far enough to be compared with the men that finished. 
The only man who did finish with no extra enlargement of the 
heart was No. 24, the tracing of whose heart is shown in Figure 
8. This man’s heart seems to us ideal in shape and size for an 
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athletic heart. He has been engaged in running for nine years, 
and is a well-trained athlete. His general condition at finish was 
excellent. 

The enlargement of the heart during the race in the majority 
of cases was symmetrical, as shown in Figure 5. Of the 14 men 
who returned after the race 9 showed an enlargement of all cham- 
bers of the heart, 1 showed an enlargement of the right heart 
only, and 1 showed an enlargement of the left heart only. Three 
men had no change in the size of the heart. These 3 have already 
been discussed. 


One Week After the Race. 


One week after the race, 11 men presented themselves for ex- 
amination and of these men, 2 still showed a heart of the same 
size as immediately after the race. Of these 2 men, one was 
the man 52 years of age who has been spoken of before as being 
too old to undertake such violent exercise. The other man show- 
ing a permanent enlargement of the heart following the race had 
a small, vertical heart which may have been in the process of 
acquiring the compensatory enlargement evidently necessary to 
all athletic hearts. The remaining 9 of the 11 men that pre- 
sented themselves one week after the race had hearts smaller 
than they were before the race. ‘This fact shows that these men 
in training for the race developed a temporary enlargement of 
the heart to provide for the additional work placed upon it dur- 
ing the race, and after the abnormal demands upon it ceased, the 
heart returned to its normal size. 


Observations Upon the Diaphragm. 


The changes of the diaphragm after the race were probably 
more striking even than those of the heart. Not only was there 
a decided change in the position and range of motion of the 
diaphragm after the race but there was also a decided difference 
in the two sides. On the right side in two cases the diaphragm 
occupied a higher position in the chest after the race, that is, it 
was not only higher in the chest while at rest, but also on deep in- 
spiration its position was higher in the chest than during the cor- 
responding phase of respiration before the race. In these two 
cases, the range of motion between the diaphragm at rest and 
on deep inspiration was less than before the race. 

In 6 cases on the right side the position of the diaphragm at 
rest was the same as before the race, but it did not descend so 
far upon deep inspiration, the range of motion being obviously 
less than before the race. In these 8 cases, therefore, the range 
of motion was less than before the race. In 3 cases the position 


27 


and range of motion was the same on the right side as it was 
before the race. On the left side the condition of affairs was 
practically reversed, in 8 cases the diaphragm being higher in 
the chest than it was before the race both at rest and on full in- 
spiration. However, there was not such a difference in the 
range of motion on the left side, and only 4 of the 8 cases had 
less range of motion than before the race, 2 having the same, and. 
2 having even a greater range of motion than before the race. 
‘In 2 cases on the left side the position was the same at rest as 
before the race, the diaphragm not descending so far in the chest 
on the full inspiration line. 

Of the 11 cases, therefore, on the left side, 6 had a less range 
of motion, 2 had the same and 3 had more than before the race. 
In these cases, I should say that the tendency seems to be after 
prolonged violent exercise for the diaphragm to occupy a higher 
position in the chest and to have a decidedly less range of motion 
than before, as shown in Figure 6. Three of these cases pre- 
sented an anomalous condition, which to my knowledge, has 
never been described before. In these cases the diaphragm on 
both sides did not descend on full inspiration and on urging the 
man to further efforts of inspiration, actually ascended into the 
chest, in one case flattening out at the same time. This 
action was undoubtedly due to the fatigue of the diaphragm, but 
why that complex and always very interesting organ should 
present this particular phenomenon, and the method of its pro- 
duction, I have so far been unable to determine. 


TABLE SHOWING PER CENT WHO FINISHED WITH REFERENCE TO SIZE 
OF HEART. 


Small | Medium | Large Very Large 


| | 
0 per cent 950 per cent | 7 per cent |100 per cent 


2814 per cent | 6624 per cent 
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PHYSIOLOGICAL AND PATHOLOGICAL EFFECTS ON THE 
CIRCULATORY AND RENAL SYSTEMS.+ 


JOSEPH H. BARACH, M. D., ASSISTED BY DR, C. L. PALMER, DR. F. D. 
STOLZENBACH, DR. H. G. WERTHEIMER. 


The extreme importance of the role played by the circulatory 
system in severe and prolonged exertion need hardly be empha- 
sized here. It may be said, in fact, that the circulatory system 
bears the brunt of the effort, and its condition, therefore, deter- 
mines to a very great degree the success or failure of the con- 
testant. The following observations upon fifty-five contestants 
were made in the order which they are here presented: 


PULSE RATE DuRING TRAINING. 


At some time during the week before the run we had the con- 
testants count their pulse in the morning before getting out of 
bed and in the evening before retiring. They all ran their train- 
ing distance on that day, which varied from 2 to 18 miles, the 
average being 7. 

Table 1 shows the morning pulse to have been below 71 in 13 
out of 16 cases, and the evening pulse was below 71 in 10 
out of 16 cases. Taken as a whole, the pulse rate is a little slower 
than what is considered normal for the average individual. 


TasBLe 1. MorNING AND EVENING PULSE DURING TRAINING 


MORNING PULSE. EVENING PULSE. 
Cases. Cases. 
AQ DORR aa tate rea ruins 1 A= Ee are teard evade tiers os 0 
DOZOGOR Get nae ersten s ayn cies 6 BOGOR SSS rect cles oes 2 
COS 70 er) Nei ee icc aes 6 GOSCORs sa rate fe cae oe eae 8 
LOL OO ease eineaae te «odie 3 OSBO0 eee eee sa Shanes 6 
16 16 


RELATION OF MORNING AND EVENING PULSE. 


I noticed that in about half of the number there was a marked 
difference between the morning and evening pulse rate. In Table 
2% these cases are separated in two groups. A further study 
brought out the interesting fact that those subjects who showed 


*Presented by invitation before the American Physiological Society at the Harvard 
Medical School December 30, 1909, Boston. 
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the greater diurnal variation had higher blood pressures. And 
there was but one subject that showed high blood pressure who 
did not have this marked diurnal variation. 

The subjects in the second group are further advanced in life 
than those of the first group and a higher blood pressure is to 
be expected; nevertheless, as will be seen later, these readings 
are higher than they should be, all things considered. 


TABLE 2. MorNING AND EVENING PULSE DuRING TRAINING. 


NORMAL VARIATION. HYPERNORMAL VARIATION. 
= 1ise—— —=Paise—_—— 

Age. A.M. P.M. BP: Ase... -A-M> «7PM: BAP: 
18 %2 68 110 20 52 53 140* 
19 58 58 118 21 60 ve 135 
19 54 64 120 25 50 vi 150 
22 60 65 125 29 60 7 162 
22 vi és 125 31 48 7 138 
29 64 66 115 36 5d 65 182 
29 60 62 122 36 70 fe 140 
29 65 71 120 52 5 68 134 


* Exceptional case. 


PuLSE RATE BEFORE THE RACE. 


The pulse rate was taken in the horizontal position in all cases 
before the race, half of them on the preceding evening and the 
others in the forenoon within three hours before the race. So 
far as could be estimated, the psychic influence of our investiga- 
_tions on these contestants at this time was not a considerable 
factor, as we made an effort to put them at ease so as to eliminate, 
if possible, such influence on the pulse-rate and blood-pressure 
readings. Table 3 shows that, while the pulse varied from 50 to 
110, in most cases it was normal. 


TABLE 3. Putse RATE BeEForRE RACE. 


No. Cases. Pulse Rate. No. Cases. Pulse Rate. 
pat BI Be amas 2 50-55 100%: caceackoes 80— 85t 
Oreo eee eres 55-60* b Cie OR eect eae 85- 
/ RAED ig eae 60-65* Dis eee Sere 90- 95 
Jigs eee ae 635-70* D Se ee eee 95-100 
Qe shee hice bee 70-75* 1 eee 100-105 
Sie ess hiss ee 75-80t DS eae cae eee 105-110 


Total number of cases, 55. 
* Pulse rate 55 to 75, 27 cases. + Pulse rate 75 to 85, 18 cases. 


BLoop PRESSURE STUDIES. 


These records were made with the Erlanger and the Stanton 
sphygmomanometers. They were both fitted with the same width 
rubber cuff (10 cm.) and had been previously tested and com- 
pared. All the work referred to in this paper was performed 
with the instruments used in these observations. 
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Before the race we obtained complete records made with the 
Erlanger instrument in 24 cases and with the Stanton in 21. No 
attempt was made at reading the diastolic pressure with the Stan- 
ton instrument. 


NORMAL BLoop PRESSURE. 


As a basis for comparison in this series a curve was constructed 
based on 90 blood-pressure observations in normal males at the 
succeeding years. This is shown in Chart 1 and the succeeding 
charts of averages. Of the individuals of 60 and over, while it 
may be said that they should not be considered normal on account 
of the changes that are invariably present at that age, yet I can 
affirm that they were distinctly free from marked evidences of 
disease. 

It will be noted that with the advance of years the curve grad- 
ually tends upward. This seems in accordance with the fact that 
the heart enlarges as the age of the individual progresses. 

With this line as a normal level of the maximum blood pres- 
sure, in all of my observations in the past, I have found that a 
variation of more than 25 mm. above or below is usually asso- 
ciated with evidence of disease. 


MAXIMUM BLoop PRESSURE BEFORE RACE. - 


These determinations were made with the Erlanger instrument 
eighteen hours before the race in 24 cases, and with the Stanton 
two hours before the race in the other 29 of the series. The aver- 
age maximum blood pressure of the entire series of 53 cases was 
126.5 mm. 

The average maximum of these cases, arranged according to 
the age, is shown in Table 4, which shows the constancy and regu- 
larity with which the blood pressure rises as age advances. 


TABLE 4. AVERAGE MAx1iMuM Btoop PRESSURE BEFORE RACE IN 45 CASES. 


No. Cases. Age. Average Maximum B.-P. 
12 18-20 122.75 
20 20-25 125.05 
11 25-30 129.00 
2 30-35 136.00 


The average maximum, minimum and pulse pressures of these 
contestants, first in the horizontal and then in the erect position 
of the body, is to be seen in Table 5. These cases are arranged 
in the order in which the contestants finished in the race. As is 
well known, the change of the body posture causes certain altera- 
tions in the relation of the pulse and blood pressures. These are 
noted in the last column of the table as plus, minus and equal. 
The conclusions from these will be commented on later. 
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TABLE 5. Brioop PRESSURES BEFORE THE RACE IN HorIZONTAL AND ERECT 


—_—__—_-_—__. Horizontal ——— ——_——_ 
-——-B. -P.—_——__ 
DF. &P:=P-Pulsex us. Doe Pee 


No. Age. Pulse. S. 


4 18 
5 28 
v4 36 
11 19 
12 21 
13 22 
15 19 
¢ 23 
19 7 
22 21 
24 7 
7 19 
30 25 
32 52 
38 21 
39 19 
40 23 
41 ? 
43 20 
7 29 
48 27 
49 7 
50 21 
51 18 
Average 


TABLE 6. MAxIMUM, 


G2 110 
105 132 
63 132 
7 120 
76 145 
74 125 
84 110 
106 135 
66 122 
80 130 
67 120 
54 118 
65 110 
82 134 
69 124 
7 155 
66 133 
64 130 
75 120 
83 162 
62 130 
7 130 
70 105 
76 118 
74.8 127.8 


POSTURES. 


MINIMUM AND PULSE 
ACCORDING TO AGE. 
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PRESSURE BEFORE RACE 


HORIZONTAL. 

—Age 18 to 20— —Age 20 to 25— —Age 25 to 30— —Age 35 to 40— 
Max. Min. P:-P. Max. ~Min. P -P, Max. “Min> P:-P)) Max Mineo 
110 90 20 145 100 45 132 98 34 132 100 32 
120 85 35 125 100 25 122 90 32 ae aes oe 

110 90 20 135 90 45 120 95 25 

118 92 26 130 109 30 110 90 20 

155 130. “25 124 95 29 162 112 50 

118 95 23 133 110 23 130 100 30 Ar see 

ae ti 120 88 32 130 95 35 AGE 52 

ee AR 105 85 20 ao: a 3 134 100 34 

Average: 
121.8 97. 248 12338 96. 31. 129. 98. 382. 
ERECT 

115 80 35 145 100) P45 128 day BSE 132 100 32 
' 120 80 40 122 100 22 118 90 28 Ae vt ae 

118 85 33 135 100 35 139 100 30 

112 92 20 132 100 86. 22 112 98 14 

igo a 120 100 =0 150 105 45 

142 118 24 Kp re 

om ma 135 100 35 120 100 20 

110 95 15 as a nae Sed =F 

eas oF 100 80 Palio By: 100. 32 AGE 52 

ae Save 110 85 25 “ 138 100 38 

Average: 
11955 916 | 27:8 28.8 


124.8 95.6 28. 127. + 98.2 
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Fig. 1.—Average maximum blood pressure (before the race) of contestants 
Cine A-A) compared with average maximum blood pressure in 90 normal men 
Cine N-N). 


On the maximum blood pressures in all the subjects at their 
respective ages I have constructed the chart shown in Figure 1, 
and it is to be noted that this curve is at about the upper limit of 
the normal blood-pressure zone. 


RELATION OF Bopy WEIGHT To BLoop PRESSURE. 
Table 7 shows that half of the overweighted subjects and a 
little over a third of the underweighted subjects had higher than 


average blood pressure. Between the degree of overweight and 
the height of the blood pressure there was no relation whatever. 


TABLE 7. RELATION OF Bopy WEIGHT TO BLOoD-PRESSURE. 


53 CASES. 

: Cases. Hypertension. 
Mirycl @ rerun tte perc crete oretetete etele relates c/enicec 34 10 
CIVER Wel Siete eae we viasan ee ames habee 16 8 
INRopoieavelilte 5 Cet cho aOR Oia Bric 3 0 


RELATION OF OCCUPATION TO BLoopD PRESSURE. 


The occupations were subdivided according to the amount of 
physical strain. Only those were classified with the hypertension 
cases whose pressures were distinctly above the average for the 
age of the subjects. 


TABLE 8. RELATION OF OCCUPATION TO BLOoD PRESSURE. 


B.-P. Average, B.-P. Above Average. 
PTULESSIOMAY avi dats ciety dae kck Pee sce 2 1 ° 
REMC Ne etnies rain aes coe ae ashe Uae ve {( 1 
Papeete AMON dp alec dates k eee se oe Me 6 2 
Tet MrRERT ohn eet 15 4 
ELS Wave EL LI Tetras ois. oui aw Fane ver connate 9 13 


RELATION OF PREVIOUS MARATHON RuNS TO BLOOD PRESSURE. 


Some of the contestants were experienced long-distance run- 
ners, but most of them had partaken in long-distance races not 
more than one year; so that the extra strain thrown on the circu- 


latory system was rather sudden and in some instances was per- 


sistent during the entire year or less. 

Table 9 shows the number of races run and the time of long- 
distance running. The runners showing high blood pressure are 
in those who had trained for and run from three to five races 
within the first year of their experience. The experienced run- 
ners of nine, ten, eleven and twenty years all had average blood 
pressures. 


TABLE 9, Previous RUNS AND BLoop PRESSURE. 


Years Long Dis. Run, Marathon Races. Blood Pressure. 
Average 
Average 
Average 
Average 
Average 
High 
High 
High 
Average 
High 
High 
Average 
Average 
Average 
Average 


9° 


TO OF OY OO OY OO HA HR OL OTOUR Co 09 OD 


be eh ed RD 


HEART CASES. 


Auscultation was carried out in every one of the 55 contestants, 
within twenty-four hours before the race, with abnormal findings 
in seven cases, as shown in Table 10. 


TABLE 10. Heart CASES. 


Cases. 
Systolicsmurmnr at APES... vc cvssek seis cee scar ote ean PEED ae eee a 
Systolic murmur at prlmonic\area a.k.a nee aaron stale ees A! 
Muted sirst. Sound atia pexs.. ioscan eicls rea visite canteen emia 1 
ADED y EMA eae he Meisraters clotcteroalergrciele eheteyois ie meraiae auc efey a tate male oes 1 


On inspection, a considerable number showed very prominent 
apex beat, and in nearly all cases the impulse was plainly visible. 
Percussion was not carried out, as the presence of hypertrophy 
was to be determined by a more accurate method. 


BLoop PRESSURE IN HEART-MURMUR CASES. 


In each of the five murmur cases there was a maximum and 
minimum pressure distinctly above the normal line, and four of 
them showed a pressure very much higher than the average 
height. 
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Table 11 gives the readings in these cases, and Figure 2 shows 
their maximum blood pressure as compared with the other ath- 
letes and normal individuals. 


TABLE 11. HEART-MuRMUR CASES. 


Age. Max. Blood Pressure. Min. Blood Pressure. 
18 110 90 
19 155 130 
21 140 100 
29 162 112 
36 132 110 


Baie BAT Beat 
SScssScsa5525 SSeSSe5S=27e 


Fig. 2.— Average maximum blood pressure (line H-H) of five contestants with 
heart murmurs (before the race) compared with average maximum blood pressure 
of other contestants (line A-A) and of normal men (line N-N). 


RELATION OF HEART CASES TO Bopy WEfGHT. 


Having learned that in these cases there was no history of 
cardiac involvement from disease, I thought it might be of in- 
terest to search for other causative factors. We have studied the 
age, height and weight of these contestants and classified them as 
over, under and normal weight. The relation of these heart 
cases to the body weight is shown in Table 12. 


TABLE 12. Bopy Weicut In Heart CASsEs. 


BEFORE RACE. AFTER RACE. 
Heart. Weight.* Heart. Weight. 
FOCCHIMITCCTIL sian ses ers = Intermittent aeetece - 
DY SUA PO Rg cto euler rete N OY StasbaSee, wanstenhcs soe a 
OV She PEXieacnsiele sete — DVS Pack PO Nee date meme acer N 
SY SE BUA POR aes 'h wise accele _ SVSEwA Pexes evsieciess _ 
WYViSti A POs pss itaree oo cite ale a LTT OO ia. Wasnretaes cis esisatteeie - 
REY Shey ALTO IC Hie an a 4 are + 
JG cla gig Bin capt2h emote aoe - 
*In this column + means overweight; —, underweight, and N, normal. 


The table shows that the murmurs were entirely independent 
of body overweight, and that the proportion of underweight cases 
is about the same as in the entire series. 
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BLtoop PRESSURE AFTER THE RACE. 


The blood-pressure readings were made immediately after the 
finish in nearly every case. In only a few instances was it de- 
layed four or five minutes after entrance to the medical tent. For 
comparison, the readings obtained before the race are repeated 
in the following tables. The average of the maximum pressures 
before the race was 126.5 (53 cases) and 107.3 (38 cases) after 
the race. 

Table 13 gives the readings in the individual cases after the 
race and the average pulse rate, maximum, minimum and pulse 
pressures, in the horizontal and erect postures. The effects re- 
sulting from the change of posture are to be noted in the last 
column. » 


Tasce 13. Purse RATE AND BLoop PRESSURE IN HORIZONTAL AND ERECT 
PosTuRES AFTER THE RACE. 


——- ————- Erect -—_—— 


—_—___—_—_ Horizontal 
———B.-P.—_—— —___—_ 3 -- Pp. ———— Result. 

No. Age. Pulse. S. D2 P:=PS Pulses. Dies? eee S. Dawee--: 
4 18 93 95 88 i 112 98 90 8 -- “= — -— 
5 28 120 95 80 15 138 90 ? ? a — A age 
% 36 112 88 ? a 120 88 ? a + = F ne 
11 19 112 100 vi 30 112 108 "5 33 = a= — — 
12 21 100 108 80 28 108 100 80 20 a — = = 
13 22 96 94 74 20 100 92 80 12 + — a = 
15 18 104 105 80 25 120 110 75 35 _ + — — 
ft 23 106 100 80 20 116 88 7 13 — = = — 
19 fi O38 110 85 25 114 100 85 15 + as = a 
22 21 90 100 82 18 96 85 70 15 a — — — 
24 27 80 110 fs 38 93 105 80 25 — — —— — 
vi 19 80 114 90 24 116 108 90 18 _ = = = 
30 25 81 110 95 15 96 110 92 18 oe = = + 
32 52 106 118 92 26 129 108 90 18 = — = _ 
38 21 81 80 75 5 99 95 80 15 —_ a a - 
39 19 108 92 vi 14 120 82 4 10 _ = — -- 
40 23 114 108 88 20 135 108 88 20 + aa = = 
41 ? 60 122 88 34 81 130 100 30 =~ _ _ 
43 20 92 120 88 32 110 100 80 20 - _ _ — 
+19 +5 +6 +5 
= 1. —129) = se—12 
Average 95.6 108.6 82.5 22. 111.3. 100:;2' (82:4 19:1 — 330s 


The averages of the readings after the race (Table 13), as 
compared with the findings previous to the race, are shown in 
Table 14. 


Taste 14. Purse Rate, Maximum, MINIMUM AND PULSE PRESSURE, 
BEFORE AND AFTER THE RACE. 


———_Horizontal Erect — 
Cases. Pulse. Max: Min: P.-P>) Pulse, 9“Max.) Mine 
Before sa. cers. 24 74.8 127.8 96.7 30.3 78.3 124.0 95.9 29.3 
DTtCTees cen ceee 19 95.6 103.6 82.5 22.0 eS 100.2 82.4 19.1 
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Arranged according to age, the individual readings are to be 
seen in Table 15. 


Taste 15. Maximum, Minimum AND PuLse PRESSURE AFTER 
ACCORDING TO AGE OF SUBJECTS. 


RACE, 


HORIZONTAL. 
—Age 18 to 20— —Age20to2%5— —Age 2%to30— —Age 35 to 40— 
Max. Min. P:-P: Max. Min. P.-P: Max. Min. P.-P. Max. Min. P.-P. 

95 88 u 108 80 28 95 80 15 88 ? ? 
100 {i 30 94 i 20 110 85 25 Ac ws . 
105 80 25 100 80 20 110 72 38 F 
114 90 24 100 82 18 110 95 15 ; 

de ae Ae) 80 75 5 eas ote ws aA 

92 78 14 me ar es + 

beh os we 108 88 20 AGE 52 

S36 120 88 32 118 92 26 

Average: 
O12 81:25 20. 101-4 Si. 20:4 106.2 838. 23.2 
ERECT. 

98 90 8 100 80 20 90 ? ? 88 ? ? 
108 75 33 92 80 12 100 85 15 a i 

110 « 35 ae i es ‘ee Ag is ne ie 

ahd sie ir 85 70 15 110 92 18 at 

108 90 18 Bie BA a are st af an 

ers oa - 95 80 15 ie ae 

82 70 10 ess a af Se 

vis sc ae 108 88 20 AGE 52 

ar 100 80 20 108 90 18 

Average: 
101.2 80.4 20.8 95.4 79. 164 101.1 85.6 19.3 


The chart shown in Figure 3 is based on the readings obtained 
immediately after the race. It shows the normal curve, the curve 
based on the average of all the cases after the race, and the blood- 
pressure readings in the murmur cases. It will be noted that the 
total average curve is now below the normal line, whereas before 
the race it was about 25 mm. above the line. It will also be noted 
that the murmur cases suffered a greater fall than the others. 


Fig. 3.—Average maximum blood pressure after the race in the contestants with 
heart murmurs (line H-H) and in all contestants (line A-A) compared with normal 
curve (dine N-N). 
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HEART CASES IN THE RACE. 


Of the 5 runners who had murmurs before the race, 4 ran the 
full distance and one ran nineteen miles. Three of these were 
among the first 12 to finish the race. These runners were all new 
to long-distance running. 


After the race the hearts were auscultated in the first 45 as they 
finished. Out of the 29 that finished within the time limit (four 
hours, fifteen minutes) 5 presented heart conditions. Table 16 
shows the place in which they finished. The fourth column in 
Table 16 shows the proportion of the pulse pressure after the 
race to that before. 


TABLE 16. Purse PRESSURE BEFORE AND AFTER THE RACE IN RUNNERS 
WITH HEART SYMPTOMS. 


Pulse Pressure. 


Finished. Before Race. After Race After. Before. 
AAS eres Muffied apex first Intermittent and weak 

+ Le ee ah SE O Systolic base ae 4F 
ACD oon << Systolic apex Systolic apex a 20 
Sthisnw cen O Systolic apex 15s 34 
(theses Systolic apex O re 32 
Sth ceaeek Systolic pulmonic O 20: 45 
29th. shes. O Irregular ci ss 
Sabie mare Systolic apex O 10: 29 
SED oc steters Systolic apex Not examined “% ee 
SOC. alee Arrhythmia Not examined 


These “heart subjects” had more'rapid pulses and smaller pulse 
pressures as a result of the exertion. Their blood pressures are 
shown in the charts, Figures 2 and 3. 


BLoop PRESSURE TEN DAys SUBSEQUENT TO THE RACE. 


At this time we find the blood pressure about the same as 
before the race, or, rather, it was nearer the normal line than 
before. 


TABLE 17. AvERAGE Max1tMuM BL toop-PressurE BeEForeE, IMMEDIATELY 
AFTER, AND TEN Days SUBSEQUENT TO THE RACE. 


Cases 
BElOre 02. Avram ismetaee akties Wearsen aces 126.5 53 
Immediately arteries 2 ih.ad. sickle cee ociea 107.3 38 
‘Petidays SUDSEQUEDL oe ones gence 124.7 19 


Table 18 shows the average pulse rate, maximum and mini- 
mum, and pulse pressures in the horizontal and erect postures, 
as compared with the tables of the same data before and after. 
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Taste 18. AveraceE Maximum, MINIMUM AND PULSE PreEsSURES TEN 
Days SUBSEQUENT TO RACE. 


—-——-Horizontal——_-———_ -—_- Erect —- 

NowCasess Pulses “Max, Min; ~P:-P. ~Pulse ~Max. Min. P.-P. 

Sages, SARS 24. 74.8 127.8 96.7 30.3 48.3 124.0 95.9 29.3 
Immediately after....... 19 95.6 103.6 82.5 22.0 111.3 100.2 82.4 19.1 
feneaays subsequent... 17% 61.8. 1247 92.1 33.7 68.2 125.1 93.2 31.2 


The readings in the individual cases are to be seen in Table 19, 
and these cases, arranged according to age of subjects, are given 
in Table 20. 


Taste 19. InpivinvAL Maximums, MINIMUMS AND PULSE PRESSURES TEN 
Days SUBSEQUENT TO RACE, 


SUBSEQUENT. 
—-———- Horizontal -—————_ Erect 
Bi ee ened Result. 

No. Age. Pulse. S. Di.P:-PePulse. ss: Dee P <P oP; Ss. Dee: 
418 50,” 125 88 Cae 5207 130 Don Be gree he ere 
Beers 7 119 90 - 29 8) 120 DOs SSI ek Mir wee ae ee ie 
merse, 64.124 BPO wry TIS S100: AB et) Me ko 
pte ETO 62, >.2"F20 Commits Gn ee 180s 1005)” BO an rece te Oc 
Pee ois. Gor, 159) 1007. be? 150. TOO | ob ASE) Gee? aa) Joe 
pod.” 63 2) 110 q 35 66 110 EMSA: Wap eae cae an) RN i 
foe 18252) 1120 95 25 -% 122 OF Ou are este, 8 wee 8 
ie 23. ° 938.9 118 80 388 90 120 Offeee SOP a ™ oe Wl ee 
eeon p48 1180), 100.80: ! 58). 138 oe US cok ela oe a ae an 
Ba s8i.- (72. 188 909 48 90 128 Ge ie ANN SS cle Miia ate 
7 VS ne: 1209) VG02= B08 120 ON iy 30") cet! |) ee pee 
ew 219 GB) 185 88 fr 84 F190 CES Be apayaae 2 2S Sale | nee 
ie ob, 5G 119 92°920' .-.BB- ° 119 Os OY “its SSN ekg kt ee 
See ot Shen e144 wer iD predte! 64-6 155. 110. 4B ee a es 
Boe 9) 56 + 110 BAe OF. 7590110 if oa emene 9 1  aenagey fF) 3% 
MGeeoS. 462) ©1962 100%) 25° 266") 182. 100 Bk Ciel Meare bee es ype 
20) |: BG) = 5 118 S84. 90" 66. 110 OUP BOQ abe Pf | nee 
$1448 4° 8 +6 
Bt pea An, eae 
Seed O- aa Olga t24 7a Oe.) micas 66.21 iie0.1, 03.2 81.2= 1, = 5) 6 = 3 

TasBLeE 20. Pressure READINGS TEN Days SuBSEQUENT TO RACE, 
ARRANGED ACCORDING TO AGE OF SUBJECTS. 
HORIZONTAL. 
— Age 18 to 20— —Age 20 to 25— —Age 25 to 30— —Age 35 to 40— 


Max. Min. P.-P. Max. Min. P.-P. Max. Min. P.-P. Max. Min. P.-P. 
125 88 37 152 100 52 119 90 29 124 87 37 
120 85 35 110 75 35 130 100 30 ani ate Se 
100 95 25 118 80 38 120 90 30 
135 88 47 133 90 48 112 92 20 


3 eee eee PTO Oh ak eee Wo Sx AGE BB 
SeMIG AR 010 eal seas h Whee bette pe 14d: 5 1101 84 
Average 
190. 989. 36. 1248 90 285. 120. 98 27 
ERECT 


130 go») yao.» *152> 5, 100 52 120 902 -°30-*., 118 100 18 


4 110 ff 32 a nor ae Ary wats 

: 132 100 32 ah ar 50 AGE 52 

: 110 90 20 lee aA 43 155 110 45 
Average 


io Pale WO 128 90.8, 46% o 122, F-92080. 


Six months later we examined five of these runners and found 
the blood pressures lower than at the previous examination; their 
pressures were gradually lowering toward the normal average. 
The readings in these cases are seen in Table 21. 


TABLE 21. PressuRE READINGS IN FIvE Cases Six Montus AFTER RACE. 


HORIZONTAL. 
—-Age 18 to 20 ~——Age 20 to 25—— —Age 2 to 30—— 
Max.) © Min7) 2:=P a Max: Min. +P.-P.) Max. Miners 
120 90 30 122 98 24 110 84 26 
120 86 34 ails mate 3 An = as 
106 84 22 
Average: 
115. 86. 28. 122. 98. 24. 110. 84. 26. 
ERECT. 
110 86 24 130 100 30 110 82 28 
110 85 25 sate “4 a ac os 
112 90 22 
Average: 
110. 87. 23. 130. 100. 30. 110. 82. 28. 


The chart shown in Figure 4 is based on the findings at the 
examinations ten days and six months after the race. The curve 
at the final examination is nearer the normal level. 
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Fig. 4.— Average maximum blood pressures (all contestants) obtained ten days 
(line X-X) and six months (line Y-Y) after the race, compared with normal curve 
(ine N-N). 


Each of the four charts 5, 6, 7 and 8 represents the blood-pres- 
sure curve of an individual case. They all show the marked fall 
resulting from the exertion, the height of the blood pressure ten 
days after the race, and the extent to which it had fallen at the 
end of six months. In the case of M e it will be noted that 
at the end of six months his blood pressure did not recede toward 
the normal level as the others; the reason for this is that he had 
kept up his training and long-distance running to the very day 
of the last examination. With the high pressure he still had the 
mitral systolic loud blowing murmur which he presented at all of 
the previous examinations. 
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In the last case, that of O n, who had a murmur before and 
immediately after the race, it was found ten days later that the 
murmur could be brought out only by his pacing, and at the end 
of six months, even after pacing for a full half minute, it could 
not be heard. In this case, with the disappearance of the hyper- 
trophy which was accompanied by a falling of the blood pressure, 
there was a simultaneous disappearance of the murmur. 


COMPARISON OF BLoop PRESSURE OBSERVATIONS BEFORE, IMME- 
DIATELY AFTER AND TEN Days AND Six MONTHS 
SUBSEQUENT TO THE RACE. 


Piimtiestapies: | to x1 Ihave constructed-Charts 1.to 9. All 
considered, the conclusions from these evidences are that as a 
result of training for the Marathon race a state of increased blood 
pressure is developed, which is considerably above normal. In 
some cases when training is carried to a more severe degree or 
because of a preceding state of the heart, we find still higher 
blood pressures associated with heart murmurs. 

As a result of the race the maximum, minimum and pulse pres- 
sures in all cases are lowered, reaching a point below the normal 
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Fig. 5.—Blood pressures, case of H—n; line A-A, maximum horizontal; line B-B, 
maximum erect; line C-C, minimum horizontal; line D-D minimum erect; E, before 
race; F, immediately after; G, ten days, and H, six months subsequent to race. 


average; and in the “heart’’ cases a greater fall is suffered than 
in the others. 

Ten days subsequent to the race we find the blood pressure 
about the same as before the race, or, rather, it is nearer the nor- 
mal line. Six months after the race we find the blood pressure 
lower than it was at the previous examination; i.e., still nearer 
to the normal. 


EFFECT OF CHANGE OF POSTURE ON BLOOD PRESSURE. 


The observations were made first in the horizontal and then in 
the erect posture. The surrounding conditions were as follows: 
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Being in June, the external temperature was warm. The con- 
testants were stripped; they had been weighed, measured, hearts 
auscultated, all of which allowed them about ten minutes in the 
room previous to the blood-pressure examination. They then 
walked over to the table and lay down, after which the armlet was 
applied. Within three to five minutes the reading was made. 
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Fig. 6.— Blood pressures, case of M—e; maximum and minimum, horizontal and 
erect, and times of examination indicated as before. Mitral systolic murmur heard 
at each examination. 


Without removing the cuff they were directed to get up and stand 
beside the table, not being allowed to lean against: it, while the 
second reading was made. After the race they were laid on the 
table immediately on entering the medical tent (ona run). While 


Fig. 7.— Blood pressures, case of H—s; maximum and minimum, horizontal and 
erect, and times of examination indicated as before. 


I was making the blood-pressure observation another man counted 
the pulse. When this was done, the contestant was directed to 
get up, in many instances having to be assisted; to stand as erect 
as possible without leaning against the table while the second 
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reading was being made. The technic of the subsequent exami- 
nations was the same as that of the first. This change from the 
horizontal to the erect posture caused alterations in the blood 
pressure which may be seen in the last columns of Table 5, 14 
and 19. These effects are summarized in Table 22. 
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Fig. 8.—Blood pressures, case of O—n; maximum and minimum, horizontal and 
erect, indicated as before. Pulmonary systolic murmur heard before, after, and at 
the third examination, but at the time of the fourth examination it had disappeared. 


TABLE 22. EFFECT OF CHANGE OF POSTURE ON BLOOD PRESSURE. 


BEFORE RACE 


Increased. Diminished. Unchanged. 
No. Cases. No. Cases. No. Cases. 
PISS are oeietate te ei cremicn ee oe sree 14 4 6 
Mi aorta Cl Tilneeter akieieis itata susie se 10 11 3 
Miri erettereteconiet: heals ot 6 9 9 
PUTSELDLESSULCG mae cartiecs ie ian 8 14 2 


AA TES Catan terete Site Sie arals sleveiasteiere 19 1 
AVY TA VEL TID am ety. Scere ciataras Brae. thats 5 12 3 
DVUSHTSETAUITE Sit ctes © eth cies ate eteise ore 6 8 4 
Paes t CSSUGE la. meme sites. ois! s 5 12 1 


FUSE Mes iets tee ere acietienle ote 14 2 1 
AUIS aitiealb AWN eA ar Goorttae & aee Nee 8 4 5 
PLU Ey TET TID ete teiavarcielveheistavarsiaretalere 8 3 6 
IMIS erOLESSUNG Ta. oe slelsiereie scree 6 8 3 


CONCLUSIONS IN REGARD TO EFFECT FROM CHANGES OF POSTURE. 


Before Race. 


From these observations we may then say ‘that in individuals 
with sound hearts having a definite degree of hypertrophy, as a 
result of change in posture, from the horizontal to the erect, there 
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is a rise in pulse rate, the maximum pressure may be increased or 
diminished, the minimum pressure may be diminished or equal, 
and with this there will be a diminution of pulse pressure. This © 
occurs in more than half of the cases. 


Immediately After Race. 


Following severe muscular exertion, in the greater number of. 
cases, the change from the horizontal to the erect posture caused 
an increase in pulse rate, a falling of maximum and minimum 
pressure, and with this a lowering of pulse pressure. 


Ten Days and Six Months Subsequent to the Race. 
The changes were the same as before the race. 


Effect of Change of Posture in Heart Cases. 


So far as could be seen these cases did not show a more striking 
uniformity in reaction to the change of posture than the other 
cases. 


Relations of Maximum, Minimum and Pulse Pressures to Each 
Other. 

In most of these records it will be seen that the height of the 
minimum pressure was in proportion to the maximum, and that 
the pulse pressure was greatest in those cases showing the highest 
maximum pressures. 
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Fig. 9.— Fluoroscopic studies made by Drs. John W. Boyce and George W. Grier. 
Solid line indicates examination before, dotted line, immediately after, and line com- 
posed of dashes, examination a week after the race. A, small heart; contestant 
dropped out at one mile; B, heart right size; contestant finished No. 11; C, large heart, 
left dilatation; D, average case. 


RELATION OF X-RAy FINDINGS TO BLOOD PRESSURE. 


This work was carried out by Dr. John W. Boyce and 
Dr. George Grier with their assistants at the West Penn Hospi- 
tal. They originally classified the cases examined before the race 
as (a) small hearts, (b) hearts of the “right size” and (c) large 
hearts. The average maximum blood pressure of the small heart 
cases was 124 mm., while the average of the hearts of the “right 
size” and large heart series was 188 mm. Of six cases that had 
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“small hearts,” none finished the race. Of 17 that had hearts of 
the “right size” and large hearts, 10 finished. This means that 
with the compensatory hypertrophy there comes increased endur- 
ance. After the race, within three quarters of an hour in most 
instances, tracings of heart shadows were again made. The 
degree of dilatation varied. 

The average fall in the cases of maximum pressure as a result 
of the race in those cases presenting a large degree of dilatation, 
was 31 mm., while the average fall of maximum pressures in 
those outlined as showing little change in the heart shadow was 
12 mm. ; 


RENAL SYSTEM. 
Before Race. 


The urine was examined in 24 cases. One showed less than 0.1 
per cent of albumin, which was not of renal origin. There were 
no casts in any. On standing over night, crystals of calcium oxa- 
late were deposited in five specimens. 


Immediately After Race. 


Amount: We succeeded in getting 19 specimens, and in those 
the total quantity excreted during the time of the race, which 
lasted between three hours and fourteen minutes to five hours. 
The largest amount was 220 c.c. and the smallest was 35 c.c. 

Color: varied from normal to dark smoky amber; in several 
it was bloody. 

Reaction: alkaline in those containing considerable blood, and 
in the others it was acid. 

Specific Gravity: varied from 1012 to 1035. There was no 
ratio between the amount and the specific gravity. 

Total Solids: These varied from 2.2 gm. to 13.51 gm. The 
presence of blood makes the estimation valueless. Even on elim- 
inating the cases in which there was considerable blood in the 
urine, I could find no ratio between the solids and the loss of 
body weight during the race, nor to the total amount of urine. 

Albumin: Every specimen showed albumin from mere trace to 
a heavy cloud. 

Sugar: A positive reaction,was not obtained in any case. 

Acetone Bodies: Diacetic Acid: With ferric chlorid a typical 
reaction was obtained in 3 cases; it was distinctly present in 10, 
and in large amounts in 4 cases. It was absent in the case in 
which there was the largest amount of urine passed and present 
in small.amount in the next largest specimen. Acetone: The ace- 
tone reaction was less marked, but present. Beta-oxybutyric acid 
was tested and found in one of the specimens. The nature of 
the diacetic and acetone reactions was verified by H. L. Amos of 
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the West Penn Hospital, to whom I am indebted for the exami- 
nation of a number of specimens. 

Microscopic Examination: Every one of the 19 cases showed 
casts ; five of them showed “showers of casts.’”’ All but the largest 
specimen showed red blood cells; three showed large amounts of 
blood. In one specimen I found fat globules. 


At Subsequent Periods. 


Out of the 19 specimens examined at the end of a week, 4 


showed light clouds of albumin and as many had casts. Two 


showed casts without albumin. 
Three weeks after the race, 3 that did not show albumin before 
the race still showed traces of albumin and casts. 


TasBLtE 23. URINARY FINDINGS BEFoRE THE RACE, IMMEDIATELY AFTER 
AND AT SUBSEQUENT PERIODS. 


No. of cases. Albumin. Blood. Casts. Acet. Bodies. 


TBOLORGH are ne sates + « nc eletenve oie 24 1 0 0 0 
fmmediateatyrafterier crac. 19 19 18 19 18 
One week subsequent..... 19 4 0 6 0 
Three weeks subsequent. .. 3 0 3 0 


RELATION OF CIRCULATORY TO RENAL SySTEM (AS ESTIMATED 
BY URINARY FINDINGS. 


Table 24 gives the age, maximum and pulse pressures before 
and after the race in the horizontal position; the amount of urine 
and approximate amounts of albumin and acetone bodies. 


TABLE 24. RELATION BETWEEN CIRCULATORY AND RENAL SYSTEM 
(URINARY FINDINGS). 


Hor. B.-P. Before. Urine Hor. B.-P. After. 
Age. Max. Pee C.Cc; Albumin. | Max: P.-P. Acet. Bodies. 

18 140 me 220 I 160 
36 140 ve 205 I 110 
25 145 re 200 yy 130 " Safe 
27 122 32 195 I 110 25 I 
19 122 ny 195 I 110 ar 
18 122 * 190 III 96 

? 115 A 190 II 88 at ae 

? 120 32 175 I 120 32 1qe 
31 138 15 170 II 92 Bs sats 
36 132 ?2 170 Ill &8 rlow LoL 

? 132 38 170 I 122 34 O 
52 134 34 150 I 118 26 i 
19 118 26 130 y% 114 24 AY 
25 110 20 125 if 110 15 ji 
20 115 es 120 I 98 a Arie 
20 1715 bs 75 Lan 130 
21 135 45 35 III 108 By ate 
23 135 45 ? III 100 20 I 


From this table it may be seen that the subjects having the 
highest maximum pressures before the race excreted the largest 
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amounts of urine during the race. The pulse pressures were ob- 
tained in only part of this series, and their relation to the amount 
of urine seems variable. 

Albumin was present in small amounts in the cases in which 
the larger quantities after the race were passed. 

* Albumin was present in largest amounts in those cases which 
showed the greatest fall in the maximum blood pressures; and in 
those which showed the most marked falls in the pulse pressures. 

From these observations on the renal functions, it seems that 
the more serious the disturbance of the general circulatory 
system, the more marked are the evidences of this disturbance in 
the renal circulation, and this is evidenced by the amount of 
blood, degree of albuminuria and cylindruria. 

As to diacetic acid, all considered, it seems that it was found 
in larger amounts in the urine from those who ran most success- 
fully—i.e., those who ran hardest in the shortest time. Undoubt- 
edly, many other factors play a part in this. The amount of ace- 
tone seemed small in proportion to the diacetic acid; one way to 
account for this is perhaps that it was largely eliminated by the 
respiratory effort. 


CONCLUSIONS. 


In the conclusion of this study, it may be said that the most 
marked changes which occur in the contestants who train for and 
compete in this race are as follows: 


Before the Race. 


The average individual who has trained for this race will, about 
the time he is in good training condition, have a pulse that is~ 
moderately slower than normal, with a normal diurnal variation. 
His blood pressure is higher than that of the average individual, 
and with this he has developed a compensatory hypertrophy. If 
in his case it is found that he has a greater than normal diurnal 
pulse variation, that will be associated with a higher than average | 
blood pressure. 

Or we may say that from these observations we are led to be- 
lieve that the individual who has this more than average compen- 
satory hypertrophy and higher blood pressure, will have a greater 
number of heart beats in the twenty-four hours. The average 
heart shadow as seen with the X-ray is larger than normal in 
nearly all cases, and some will show comparatively very large 
hearts. The subjects showing the larger hearts are the ones that 
have the higher blood pressures. 

In the contestant who as a result of hard training, or because of 
some unknown preceding state of his heart, has developed a heart 
murmur, there will be found the very large heart and higher blood 
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pressure. Body overweight, laborious occupation, short and 
severe training are productive of higher than average blood pres- 
sures and associated hypertrophy. 


After the Race. 


As a result of this inordinate exertion, if he is of the average 
class, he will have a fall of about 20 per cent in his blood pres- 
sure; if he is of the “heart-murmur cases,” he will have a still 
greater fall in his blood pressure. If his heart shadow with the 
X-ray shows a marked increase in size (much dilatation), his 
blood pressure will have a greater fall than if his heart shadow 
remains about the same size(slight dilatation). 

At the end of six months the blood pressure is still nearer the 
normal level than at the previous examination. 

Most of these contestants had been running during the preced- 
ing six or nine months, and it is natural to expect a gradual dis- 
appearance of the established hypertrophy, as our findings bear 
out. 

The change of posture from the horizontal to the erect is fol- 
lowed by certain accommodative changes in the blood pressures, 
these depending largely on the reserve energy of the circulatory 
system, and the promptness with which it reacts to the force of 
gravity. 

The effect of this severe bodily exertion on the kidneys is defi- 
nitely proportionate to the degree of general circulatory disturb- 
ance, of which the renal circulation is part. 

In these studies we have had the rare opportunity of observing 
the transition stage from health to disease. Beginning as physio- 
logic changes many of these cases have transgressed the dividing 
zone entering into that of the pathological. The exciting factors 
once removed, a recession into the normal followed, in some 
cases reaching the physiological quickly, others slowly, while 
some, it may be, will never return to normal. 
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